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Abstract: Leprosy is a chronic infectious condition caused by Mycobacterium leprae (M. leprae). It is endemic in 
many regions of the world and a public health problem in Brazil. Additionally, it presents a wide spectrum of 
clinical manifestations, which are dependent on the interaction between M. leprae and host, and are related to 
the degree of immunity to the bacillus. The diagnosis of this disease is a clinical one. However, in some situations 
laboratory exams are necessary to confirm the diagnosis of leprosy or classify its clinical form. This article aims 
to update dermatologists on leprosy, through a review of complementary laboratory techniques that can be 
employed for the diagnosis of leprosy, including Mitsuda intradermal reaction, skin smear microscopy, 
histopathology, serology, immunohistochemistry, polymerase chain reaction, imaging tests, electromyography, 
and blood tests. It also aims to explain standard multidrug therapy regimens, the treatment of reactions and 
resistant cases, immunotherapy with bacillus Calmette-Guerin (BCG) vaccine and chemoprophylaxis. 
KeyTvords: Clinical evolution; Communicable disease prevention; Diagnosis, differential; Drug resistance; 
Education, continuing; Laboratory research; Leprosy; Mycobacterium leprae; Prognosis; Therapeutics 



INTRODUCTION 

Leprosy is a chronic infectious disease caused 
by Mycobacterium leprae (M. leprae) and affects mainly 
skin and peripheral nerves. It is endemic in many 
regions of the world and a public health problem in 
Brazil. Additionally, it presents a wide spectrum of cli- 
nical manifestations dependent on the interaction of 
M. leprae with host and related to the degree of immu- 
nity to the bacillus. The diagnosis of this disease is a 
clinical one. However, in some situations laboratory 
exams are necessary to confirm the diagnosis of lepro- 
sy or classify its clinical form. Leprosy is cured by 
multidrug therapy (MDT), and standard therapy regi- 
mens are applied according to the operational classifi- 
cation established by the World Health Organization 
(WHO). The drugs used in the treatment are usually 
well tolerated and cases of relapse disease are rare. 



The prognosis for leprosy is good, as long as the 
patient has an early diagnosis and treatment; otherwi- 
se, sequelae may occur.' 

LABORATORY DIAGNOSIS 

No laboratory test alone is considered enough 
to diagnose leprosy. Clinical data, complemented by 
semiological techniques such as evaluation of skin 
sensitivity and histamine or pilocarpine testing, 
usually conclude the diagnosis. In doubtful cases, 
Mitsuda intradermal reaction, smear and histopatho- 
logy often make it possible to confirm the diagnosis of 
leprosy and classify its clinical 
form. Electroneuromyography and imaging tests, 
such as simple radiography, scintigraphy, ultrasound, 
computed tomography, and magnetic resonance ima- 
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ging may help in the evaluation of peripheral neural 
involvement, thus assuming great importance in cases 
of neuritis and primary neural leprosy, in which sural 
nerve biopsy may also be helpful. The assessment the 
clinical and laboratory correlation between these ima- 
ging tests and blood tests is essential to detect the pre- 
sence of systemic changes in reactional episodes and 
in advanced disease. New tools are currently available 
for specific cases or for research purposes, including 
serological tests with the phenolic glycolipid 1 antigen 
(PGL-1) and protein antigens; immunohistochemical 
reaction with antibodies against bacillus Calmette- 
Guerin (BCG), PGL-1 and S-100 protein; polymerase 
chain reaction (PGR) with several primers aiming at 
different genomic targets of M. lepraeP 

Presently, the research priority is to identify 
molecular markers specific for M. leprae and develop 
sensitive laboratory tests to diagnose asymptomatic 
cases or those with few symptoms and to predict 
disease progression among exposed individuals, 
since early diagnosis and timely treatment are key ele- 
ments to break the chain of leprosy transmission. 

Intradermal reaction 

Intradermal reaction consists of performing an 
intradermal injection of the lepromin antigen (synthe- 
sized from M. leprae) on the flexor surface of the 
forearm. There are two types of response: an early res- 
ponse, Fernandez reaction, which is assessed from 48 
to 72 hours after injection and is considered positive if 
the onset of an erythema measuring between 10 and 
20 mm is observed; and a delayed response, Mitsuda 
reaction, which is assessed 4 weeks after injection and 
is considered positive if the onset of a papule measu- 
ring 5 mm or more is observed. These two responses 
are not parallel between themselves, i.e., it is possible 
that only one of them is present. Mitsuda reaction 
expresses the level of cellular immunity and is the 
exteriorization of the tuberculoid granuloma obser- 
ved in histopahological studies. Although the analysis 
of this reaction helps classify the clinical form of the 
disease, it does not allow making the diagnosis. 
Mitsude reaction is positive in tuberculoid patients, 
who show good cellular immune response, and nega- 
tive in lepromatous patients, who have deficient res- 
ponse. In borderline patients, it was found that reac- 
tion positivity gradually decreases as cellular immune 
response decreases near the lepromatous pole and 
gradually increases as cellular immune response 
increases near the tuberculoid pole.' 

Inoculation 

M. leprae can be isolated from infected tissues 
after bacillus inoculation on the foot pad of mice, 
nine-banded armadillos (Dasypus novemcinctus). 



athymic mice, and monkeys." It is a cumbersome and 
time-consuming technique that is employed only in 
referral centers. Additionally, it can be used to identi- 
fy M. leprae and determine its viability outside the 
human body, select therapeutic and immunoprophy- 
lactic agents (vaccines), conduct studies to determine 
minimum inhibitory concentration and minimum 
effective dose of compounds against leprosy, and 
investigate the presence of resistant bacteria in relap- 
sed cases. Currently, after the discovery of molecular 
detection techniques, the cultivation of bacillus in ani- 
mals is almost limited to laboratories that investigate 
antimicrobial drugs. This resource is still useful in stu- 
dies that aim to understand the biology of M. 
leprae and host-pathogen interaction.' 

Skin smear microscopy 

Skin smear microscopy is used to detect alco- 
hol-acid resistant bacilli (AARB) in skin smears collec- 
ted from standard sites (skin lesions, ear lobes, 
elbows). It is performed using the Ziehl Neelsen stai- 
ning technique, which consists of staining bacilli with 
red dyes" and makes it possible to assess the morpho- 
logy index (Ml) and the bacterial index (BI). 

MI determines whether the bacillus is viable or 
not and is represented by the percentage of intact 
bacilli with regard to the total number of bacilli analy- 
zed in the study. Intact (viable) bacilli are completely 
stained red and can be observed before treatment or in 
cases of relapsed disease. Fragmented bacilli show 
small gaps, due to the interruption in the synthesis of 
their components, while granular bacilli show great 
gaps with spots stained red. These two last types of 
bacilli comprise non-viable or killed microorganisms 
and are observed in treated patients." 

The BI represents the quantitative bacillary load 
(number of bacilli) and is expressed according to a 
logarithmic scale ranging from 0 to 6+. Smear is posi- 
tive in the multibacillary group (MB), which helps 
establish a definite diagnosis of leprosy, but sensitivi- 
ty is low in the paucibacillary group (PB), in which 
smear is often negative, with a limit of microscopy 
detection of 10* AARB bacilli per gram of tissue."''^ 

Histopathology 

Histopathological examination is usually per- 
formed in fragments of skin lesions or nerves. 
Hematoxylin-eosin staining should be complemented 
with Faraco-Fite staining or one of its variations for 
the investigation of AARB. Next, some histopatholo- 
gical characteristics are presented, according to the 
criteria established by Ridley and Jopling." 

In the indeterminate group, a nonspecific 
inflammatory infiltrate is observed, with the predomi- 
nance of lymphocytes. Diagnosis is suggested by 
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Figure 1: Indeterminate leprosy. Foci of non-granulomatous 
lymphohistocystic inflammatory infiltrate, selectively accompa- 
nying and /or penetrating nervous branches; HE, lOOx. Archives 
of Lauro de Souza Lima Institute 



periadnexal and perineural locations. The histopatho- 
logical examination sometimes reveals that, despite 
disease clinical aspect, an evolution towards one of 
the poles may already be observed. There are no bacil- 
li or they are scarce (Figure 1). 

The tuberculoid-tuberculoid form (TT) presents 
with well-defined tuberculoid granulomas constitu- 
ted by macrophages with epithelioid differentiation 
and Langhans multinucleated giant cells, as well as by 
lymphocytes in the center and surrounded by a dense 
lymphocytic halo. Granulomas extend from deep der- 
mis to basal layer, with no bright area (free subepider- 
mal grenz zone) (band of Unna), and may accompany 
nervous fillets, which are often destroyed by granulo- 
mas. There are no bacilli or they are scarce (Figure 2). 
These manifestations are an expression of good cellu- 




FlGURE 2: Tuberculoid leprosy. Granuloma of well differentiated 
epithelioid cells penetrated and circumvented by lymphocytes; 
HE, 400x. Archives of Lauro de Souza Lima Institute 



lar immune response from the host. 

The lepromatous-lepromatous form (LL) pre- 
sents with granulomas of hystocitic cells affecting 
hypodermis, with different levels of lipid change, for- 
ming vacuolated foamy cells (lepromatous cells) rich 
in bacilli, which may present in isolation or arranged 
in globi. Lymphocytes are scarce and sparse. 
Epidermis is flat and separated from the inflammato- 
ry infiltrate by a band of collagen fibers known as 
band of Unna, corresponding to the rectified papillary 
dermis (Figure 3). 

The difference between a borderline group with 
higher resistance and another with lower resistance is 
based on progressive macrophage undifferentiation, 
on the decrease in the number of lymphocytes, and on 
the increase in the number of bacilli in granulomas 
and nerve branches. 

The borderltne-tuberculoid subgroup (BT) can 
be distinguished from the TT form due to the presence 
of free subepidermal grenz zone, and from the border- 
line-borderline subgroup (BB) due to the presence of 
granulomas formed by foci of epithelioid cells and 
Langhans multinucleated giant cells surrounded by 
lymphocytic halos. It is possible to observe strongly 
infiltrated but discernible nerve fibers (Figure 4). There 
are no bacilli or they are scarce, ranging from + to ++. 

The BB subgroup shows well developed epithe- 
lioid cells dispersed throughout the granulomas, no 
foci of lymphocytes, and scarce Langhans multinu- 
cleated giant cells and lymphocytes. Nervous fibers 
can be easily identified, exhibiting moderate prolifera- 
tion of Schwann cells (Figure 4). The BI is greater, ran- 
ging from +++ to ++++. 

The borderline-lepromatous (BL) subgroup 
shows undifferentiated macrophages and few lymp- 




FlGURE 3: Lepromatous leprosy. Extensive macrophagic granulo- 
mas, constituted by voluminous cells, presenting with homoge- 
neous or slightly vacuolar cytoplasm and vesicular nuclei; 
HE, 400x. Archives of Lauro de Souza Lima Institute 
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Figure 4: Borderline leprosy (A: BT; B: BB; C: BL). Granulomatous 
reaction with progressive undifferentiation of macrophages, and 

reduction in number of lymphocytes through the DT to DV 
subgroups; HE, 400x. Archives of Lauro de Souza Lima Institute 



hocytes or, most commonly, histiocytes with a trend to 
vacuolation, dense areas of perineural or granuloma- 
tous lymphocytic infiltration, and few changes in 
nerve fibers. There is a great number of bacilli 
(+++++) and not many glohi. The free subepidermal 
grenz zone is maintained (Figure 4). 



Extracellular edema may be observed in type 1 
leprosy reactions. In the reverse reaction, granulomas 
become more organized and there is an increase in the 
number of lymphocytes, epithelioid cells, and giant 
cells. A reduction in bacillary load and decrease or 
disappearance of intact bacilli can be observed, but 
neural aggression is greater and may lead to caseous 
necrosis (Figure 5). In the degradation reaction, granu- 
lomas become more loose and there is an increase in 
the amount of intact bacilli. The degeneration of elas- 
tic and collagen fibers may occur, as well as the pre- 
sence of foci of necrosis in the granulomas and fibri- 
noid necrosis in the collagen." 

Erythema nodosum leprosum (ENL) may lead 
to vasodilation, exudation of polymorphonuclear 
neutrophils in previously infiltrated tissues, and pre- 
dominance of granular bacilli (Figure 6). Intravascular 
thrombi may be found in necrotizing ENL." 

Serological testing 

A laboratory test that can be easily performed, 
has low cost, and detects specific antibodies 
against M. leprae would be very helpful in field work, 
because most leprosy patients did not show visible 
changes and existing laboratory resources are usually 
not available. In order to find this test, researchers 
have been looking for the ideal serological test. 

Several immunodominant antigens of M. leprae 
capable of activating specific B lymphocyte clones 
have been described, but so far the best standardized 
and more assessed test uses PGL-1, which has an anti- 
genically specific trisaccharide of M. leprae. This anti- 
gen was initially described by Brennan & Barrow in 
1980 and was used in serological studies on leprosy 
for the first time by Payne et al. in 1982.'^" Due to its 
glycolipid nature, humoral immune response induces 




Figure 5: Type 1 reaction. More extensive, confluent and poorly 
delimited granulomas; presence of interstitial and intracellular 
edema and multinucleated giant cells; HE, 400x. Archives of Lauro 
de Souza Lima Institute 
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Figure 6: Type 2 reaction. Acute inflammatory reaction presenting 
with a serofibrinous and neutrophilic exudation results in disorga- 
nization of pre-existing granulomas and formation of microabsces- 
ses; HE, 400x. Archives of Lauro de Souza Lima Institute 



the production of antibodies without the participation 
of T lymphocyte with isotypes predominantly formed 
by immunoglobulin M (IgM). Subsequently, PGL-1 
was synthesized as mono-, di- and trisaccharide com- 
pounds, and currently it is used by means of the 
immunoenzymatic assay (ELISA), passive hemagglu- 
tination test, hemagglutination in gelatin particles, 
dipstick, and rapid lateral flow test (ML flow)/' ML 
flow is a rapid test to be used in field work that sho- 
wed 91 % of agreement with the ELISA method, sensi- 
tivity of 97.4% in correctly classifying multibacillary 
(MB) patients, and specificity of 90.2%.'" 

The presence of anti-PGL-1 antibodies reflects 
baciUary load and helps classify clinical forms, since 
MB patients show high antibody titers and paucibacil- 
lary (PB) patients show scarce or absent titers, with a 
percentage of PGL-1 seropositive patients ranging from 
80-100% in cases of lepromatous leprosy and 30-60% in 
those of tuberculoid leprosy.'"' Therefore, the diagnos- 
tic value of the ML flow test is limited in PB leprosy. 
High levels of indeterminate leprosy seem to be asso- 
ciated with evolution towards the lepromatous pole.^^ 

High levels of anti-PGL-1 antibodies are found 
in reactional episodes.^''^* When present at the begin- 
ning of the treatment, these antibodies indicate risk 
for type 1 reaction.^ 

During therapy monitoring, the decrease in anti- 
PGL-1 antibodies is accompanied by antigen clearance and is 
correlated with bacterial indexes; persistence may represent 
resistance to therapy; and increase in PGL-1 antibodies in 
treated individuals indicates relapsed disease.^'''* However, 
as PGL-1 antigen is not soluble in water, it remains in tissues 
for a long time, which stimulates the production of IgM anti- 
bodies in the absence of viable baciUi.-' Therefore, the presen- 
ce of anti-PGL-1 antibodies does not always mean active 



disease, since it may correspond to previous infection.^ 

Serological tests with PGL-1 antigen may iden- 
tify individuals with subclinical infection, showing 
that seropositive contacts present a 7.2 times higher 
risk to develop leprosy than seronegative contacts, 
especially the MB form of the disease (24 times higher 
risk).^'" In highly endemic areas, distribution of PGL- 
1 positivity in leprosy cases is similar between house- 
hold contacts and non-household contacts, but there is 
a significant difference between contacts and non-con- 
tacts in areas of low endemicity.'' However, there is no 
cutoff point for anti-PGL-1 levels to distinguish bet- 
ween subclinical infection and disease, both in the 
healthy population and in leprosy patients.'^ Thus, the 
investigation for IgM antibodies against PGL-1 should 
not be the only population screening tool to detect 
leprosy cases, but seropositive individuals should be 
followed up.^'-° Notwithstanding, not all seropositive 
individuals will develop the disease.'* 

In the Brazilian population, the detection of IgG 
and IgA antibodies in rapid anti-PGL-1 tests, in addition 
to the detection of IgM antibodies, did not increase sen- 
sitivity nor did it influence performance in the serologi- 
cal test among patients with PB and MB leprosy.'* 

More recently, studies on the genomic sequen- 
ces of M. leprae identified proteins and peptides speci- 
fic for this bacillus and tested its immunoreactivity in 
leprosy patients and their contacts, through the detec- 
tion of antigen-specific G immunoglobulins (IgG) of 
several recombinant proteins of M. leprae.^"" 
Serological studies with these proteins, as well as those 
with PGL-1 antibodies, reflect spectral concept of 
leprosy, with high antibody titers in the lepromatous 
pole and low or absent titers in the tuberculoid pole. 

Antigenic differences or differences in the 
human leukocyte antigen of strains of M. leprae seem 
to have an influence on antigen immunogenicity, 
resulting in different serological patterns among the 
countries in which proteins were studied. The most 
seroreactive recombinant proteins were ML0308 in 
South Korea and ML0405 and ML2331 in Brazil, the 
Philippines, and Venezuela; additionally, ML0678, 
ML0757, ML2177, ML2244 and ML2498 showed to be 
strong epitopes of B cells in Mali and Bangladesh. 
Combining these proteins with PGL-1 improves test 
specificity and sensitivity.'"* 

The Infectious Disease Research Institute, loca- 
ted in Seattle, USA, developed a fusion protein that 
incorporated ML0405 and ML2331 antigens, known 
as LlD-1. This protein was found to have high specifi- 
city in a hyperendemic area of Venezuela and in 
Brazil, maintaining the immunoreactivity of the origi- 
nal proteins. Furthermore, it is being tested for the 
rapid diagnosis of leprosy.'' 

ML0405, ML2331 and LID-1 were efficient in 
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detecting new cases. Responses against these antigens 
has been shown to be correlated with bacillary load 
and clinical forms at the time of diagnosis.'^ It was also 
found that the levels of circulating anti-LID-1, anti- 
ML0405 and anti-ML2331 IgG antibodies decreased 
both in MB and PB patients (more rapidly in PB 
patients) during treatment, which suggests that the 
serological analysis of these proteins is useful to eva- 
luate treatment efficacy and disease relapsed.* 

Currently, studies has been focusing on serolo- 
gical diagnosis based on the cell immune response to 
candidate antigens of M. leprae (recombinant proteins 
and peptides) as assessed by the measurement of the 
production of gamma interferon (IFN-y), an indirect 
indicator of protective cellular immunity. This method 
may detect earlier evidence of infection by M. 
leprae and diagnose PB cases. Both peripheral mono- 
nuclear cells and whole blood have been successfully 
used in this type of serological test. In general, studies 
on leprosy based on immune cellular response show 
that cell stimulation with selected antigens induces a 
higher IFN-y production in MB within-household 
contacts and in PB patients. Other current studies also 
aimed to identify indirect markers of protective 
immunity other than IFN-y." 

Immunohistochemical reaction 

Immunohistochemical reaction using monoclo- 
nal or polyclonal antibodies to detect M. leprae anti- 
gens may provide higher sensitivity and specificity 
than conventional methods, representing an impor- 
tant auxiliary tool in the diagnosis of leprosy, especial- 
ly at the initial phases or in PB cases.*"' Additional 
advantages of this technique include the fact that it is 
not dependent on bacillary viability and preserves tis- 
sue morphology, which makes it possible to determi- 
ne bacillus location in the tissues."'" 

Several antibodies are used in the diagnosis of 
leprosy, such as those directed against proteins (e.g. S- 
100 and heat shock proteins like 35 kDa and 65 kDa), 
and against lipoarabinomannan and PGL-1 glycoli- 
pjjg 27,45,46,50.52 g^cept for auti-PGL-l antibody which is 
directed against an antigen specific for M. leprae, the 
remaining antibodies may produce positive results in 
normal human skin or in some chronic and autoim- 
mune infectious diseases.^' 

Taking advantage of the cross reaction between 
mycobacterium antigens, the anti-BCG antibody has 
also been used to demonstrate M. leprae in the tissues 
of individuals with leprosy™-^"'"'' *' 

The antibody against S-100 protein, a molecule 
expressed in the peripheral nervous system, may demons- 
trate remnants of dermal nerves and inflammatory infiltra- 
te neurotropism in skin fragments."™ Additionally, the 



positive staining may make it possible to exclude 
leprosy if it shows intact nerve endings in granuloma- 
tous diseases of other etiology.'' 

Molecular identification of M. leprae bacillus 

PGR allows detecting slow growth or unculti- 
vable microorganisms, and, based on the available 
genetic data, has been used to detect M. leprae, since 
1989.*'° 

PGR made it possible to detect, quantify and 
determine M. leprae viability, showing significantly 
better results compared to common microscopic exa- 
minations. It is based on the amplification of specific 
sequences of M. leprae genome and in the identifica- 
tion of the fragment of amplified deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA).'° However, this 
technique is limited to research centers, due to the 
high cost of reagents and to the need of specific equip- 
ment and qualified professionals. 

Among its many utilities, PGR may allow con- 
firming cases of initial, PB and pure neural leprosy; 
demonstrating subclinical infection in contacts; moni- 
toring treatment; determining patients' cure or their 
resistance to MDT drugs; distinguishing reaction from 
recurrence; and help understand the mechanisms 
of M. leprae transmission." " 

The investigation of M. leprae by PGR has been 
conducted in different types of samples, such as 
smear, biopsy fragment, or skin biopsy imprint; nasal 
swab; fragment of nasal concha biopsy; swab or frag- 
ment of oral mucosa biopsy; urine; nerve; blood; 
lymph node; and hair.''''*' 

Several factors may interfere with detection 
rates, such as the different primers aiming at different 
genomic targets of M. leprae, the size of amplified frag- 
ments, and the amplification technique used in the 
investigation are.'"" 

Primers that amplify very large amplicons may 
reduce reaction positivity. Primers that amplify short 
amplicons have been successfully used, even in dama- 
ged DNA or at low concentrations, which demonstra- 
tes that amplicon size may be a limiting factor for the 
detection of M. leprae DNAJ'' 

In addition to conventional PGR techniques, 
other techniques have been used to detect M. leprae, 
including nested-PGR, total genomic amplification, 
and real-time PGR." " Reverse transcriptase PGR of M. 
leprae ribosomal RNA may determine bacillus viabili- 
ty." Real-time PGR allows achieving a rapid, sensitive 
and specific detection and quantification. However, it 
is little used in the context of leprosy, and there is con- 
troversy regarding its advantages over conventional 
techniques, since the literature shows reports of both 
better and similar results.™" 
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IMAGING TESTS 

Imaging tests may be useful in leprosy mainly 
to assess bone and joint involvement and peripheral 
nerve lesions. 

Evaluation of bone and joint involvement 

Although computed tomography (CT) is a 
more accurate test to analyze bone and joint lesions, 
especially those secondary to neurological involve- 
ment, a simple radiography may show many changes. 
The most common radiological findings are signs of 
osteomyelitis and resorption of the extremities such as 
hands and feet, causing loss of digits and neuropathic 
osteoarthropathy of the small joints, as well as osteo- 
penic changes." Scintigraphy may help differentiate 
between active and inactive disease, because it allows 
performing a functional assessment of organs and sys- 
tems, making it possible to analyze infection activity 
and evaluate therapeutic results. An example of chan- 
ges that can be assessed by scintigraphy is the increa- 
se in arterial perfusion and abnormal focal radiophar- 
maceutical absorption in cases of hand and foot muti- 
lations caused by osteomyelitis.*^ 

Magnetic resonance imaging (MRI) may more 
accurately reveal soft tissue changes, such as subcuta- 
neous fat infiltration, cellulitis, and abscess, in addi- 
tion to osteomyelitis and neuropathic osteoarthropat- 
hy. Thus, it is the test of choice for the early diagnosis 
of these disorders in clinically asymptomatic neuro- 
pathic feet.*'"*' 

Evaluation of peripheral nerve involvement 

The assessment of peripheral nerve changes by 
clinical examination is subjective and consists of com- 
paring the nerve of interest with its contralateral 
nerve. It is a very difficult task in some nerves, such as 
the median nerve, because of their location. 
Ultrasound (US) and MRI provide a more accurate 
and objective evaluation. 

US may evaluate thickening, structural anoma- 
lies, edema, and neural vascularization, in addition to 
identifying nerve abscess and compression. The cross- 
sectional area of the nerve may be measured in order 
to assess thickening. High resolution color Doppler 
US shows an increase in neural vascularization at the 
acute phase of neuritis in type 1 and 2 reactions, with 
greater signs of blood flow in perineural plexus or in 
intrafascicular vessels in type 1 reactions. When repe- 
titive, these reactions may lead to hypoechoic changes 
in the epineurium and to fusiform edema in the fasci- 
culi of thickened musculoskeletal nerves.*^'** In cases 
of advanced leprosy, structural anomalies may be 
observed, such as the lack of fascicular echotexture, 
and the absence of edema.*' Therefore, US is especial- 
ly useful to monitor therapeutic responses of reactio- 



nal neuritis when clinical evaluation becomes difficult 
and surgical decompression or neurolysis is recom- 
mended. Additionally, it may differentiate primary 
neural leprosy from other conditions affecting nerves, 
such as benign tumors, or conditions affecting neigh- 
boring structures, such as sinovial cysts and tenosyno- 
vitis, in cases of compressive syndromes.*' 

MRI is a supplementary tool in the differential 
diagnosis between leprosy neuropathy and other 
peripheral nerve diseases and has the advantage, 
compared to clinical neuropathophysiologic investi- 
gation and US, of not being dependent on an operator. 
It is used in specific cases, especially due to its high 
cost, and may show endoneural structural anomalies, 
thickening, nerve abscess, and compressive signs.*' 
Compared to US, which detects active type 1 reaction 
in 74% of the cases, MRI sensitivity is 92%, showing a 
contrast hypervascular enhancement pattern in acute 
neuritis." 

CT may also be used to diagnose peripheral 
nerve thickening in leprosy patients. The tissue adja- 
cent to the peripheral nerve usually has different fat 
and tendon densities." 

In tuberculoid patients, simple radiographies 
sometimes reveal calcifications, especially on ulnar 
and fibular nerves, and thickened nerves. These calci- 
fications are linear throughout the nerve or flake-sha- 
ped, but may also be oval-shaped as a result of peri- 
neural abscess. An injection of contrast throughout 
nerve sheaths may locate the calcification." 

Electroneuromyography 

Electroneuromyography is indicated at the time 
of diagnostic evaluation in cases of suspected primary 
neural leprosy in order to help choose the site of nerve 
biopsy. During and after treatment, it is useful in cases 
of worsening of neurological function, especially in 
reactional neurites. In neurites, it helps in treatment 
monitoring and provides parameters for the indica- 
tion of surgical treatment and for postoperative con- 
trol. Almost all leprosy patients show electroneuro- 
myographic changes, which are discreet in the inde- 
terminate type of the disease, moderate in the tuber- 
culoid form, and severe in borderline and leproma- 
tous forms." Anomalies may occur even in indivi- 
duals with normal neurological exams showing unt- 
hickened nerves.* Electroneuromyographic changes 
include peripheral neurogenic involvement, with no 
evidence of disease in cells from the ventral horn of 
the spinal cord, usually leading to multiple mononeu- 
ropathy or, less commonly, to isolated mononeuropat- 
hy or distal polyneuropathy. In general, no changes 
are observed in the muscles not affected by leprosy." 
Paralyzed muscles showed good response to stimula- 
tion, which suggests evidence of axonal interruption 
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without actual degeneration, a finding that was con- 
sistent with the involvement of Schwann cells or 
interstitial tissue.* The most common and early fin- 
ding is the decrease in the amplitude of motor and 
sensitive responses, which is usually more common 
than the decrease in the velocity of nerve conduction. 
The most frequently altered nerve seems to be the 
ulnar nerve, with the possible presence of cubital and 
carpal tunnel syndromes; however, a study demons- 
trated the involvement of the following nerves, in des- 
cending order of frequency: sural, median, ulnar, fibu- 
lar, posterior tibial, and frontal branch of the facial 
nerve."" In view of the multifocal involvement and 
the frequency of subclinical abnormalities, the study 
on nerve conduction should be extensive and cover 
the four limbs. 

Blood changes 

In the MB forms of leprosy, especially in the 
lepromatous form, there is a high prevalence of hema- 
tologic changes, such as hemolytic anemia, leukope- 
nia and lynphopenia, and of immunological changes, 
including the presence of antinuclear factor, rheuma- 
toid factor, anticardiolipin antibodies, anti-cyclic 
citrullinated peptide antibodies, often mimicking the 
clinical and laboratory picture of inflammatory disea- 
ses, such as those of the connective tissue.""* 

Additionally, low iron serum levels and slightly 
high ferritin serum concentrations may be observed, 
resulting from the disorganized iron transportation 
that is typically present in cases of anemia in patients 
with chronic disease." Lipid antigens are responsible 
for false positive reactions for syphilis."" The concen- 
tration of C-reactive protein is significantly high in 
patients with ENL and arthritis compared to those 
without arthritis. Hemosedimentation velocity is 
high, but it is not associated with the increase in the 
concentration of C-reactive protein." 

In lepromatous patients at more advanced sta- 
ges of leprosy, who may present with multisystemic 
involvement, it is important to perform a laboratory 
investigation directed to patient's complaints. In cases 
of suspected kidney involvement, blood urea and 
creatinine levels should be measured, and the presen- 
ce of anemia, hypercalcemia, and metabolic acidosis 
should be investigated. Urinalysis should be perfor- 
med with the purpose of seeking for changes in urina- 
ry concentration, leukocituria, proteinuria, and hema- 
turia."' Testicular involvement may lead to decrease 
in testosterone levels and increase in plasma estradiol, 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) levels. Hyperprolactinemia may be 
related to hypogonadism and hyperestrogenemia. 
Plasma Cortisol levels are found to be high or normal 
in adrenal lesions. Exceptionally, reduced T3 and T4 



levels are observed, especially in leprosy reactions."^ 
Liver enzymes, i.e., glutamic-oxaloacetic transamina- 
se (GOT) and glutamic-pyruvic transaminase (GPT) 
may be increased in type 2 reactions, but are rarely 
altered in type 1 reactions and in the chronic course of 
the disease."'™ 

EVOLUTION AND PROGNOSIS 

Indeterminate leprosy can cure spontaneously 
or evolve to one of the disease forms. After the disea- 
se is established, its course is chronic throughout the 
years, sometimes having asymptomatic periods that 
may be interrupted by exacerbation episodes (reac- 
tions), which are the main causes of disability 

The prognosis for leprosy is good, as long as the 
patient has an early diagnosis and treatment. 
Otherwise, it may lead to sequelae, especially neurolo- 
gical ones. Complications may also occur, resulting 
from reactions and from adverse effects caused by 
drugs used in the treatment, which can occasionally be 
severe and lead to death. Long-lasting lepromatous 
cases may result in the involvement of several organs."'' 

TREATMENT 

There was no effective treatment for leprosy 
until 1942, with the development of sulfone. Due to 
the report of cases resistant to this drug, MDT started 
to be recommended by the WHO in 1982, and was 
extensively and officially established in Brazil in 
1993. Therapeutic regimens are standardized accor- 
ding to operational classification and follow well esta- 
blished protocols set forth in the Directive no. 3.125 of 
7 October 2010, issued by the Brazilian Ministry of 
Health.™ After the case is notified, drugs are provided 
free of charge for the patient. For PB cases, the treat- 
ment consists of 6 doses given in a period of up to 9 
months, including, for adults, a supervised monthly 
dose of rifampicine (REM) 600 mg and of dapsone 
(DDS) 100 mg and a self-administered daily dose of 
DDS 100 mg. For children, the recommended dose is 
450 mg of REM and 50 mg of DDS. MB cases are trea- 
ted with 12 doses given in a period of up to 18 months 
using the same drugs mentioned in the previous regi- 
men, but adding a monthly supervised dose of 300 mg 
of clofazimin (CEZ) and a self-administered daily 
dose of 50 mg of CEZ to the previous regimen. For 
children, the recommended monthly dose of CEZ is 
150 mg, and the self-administered dose of 50 mg is 
given at alternate days. For children and adults weig- 
hing less than 30 kg, the doses should be adjusted 
according to weight: 10-20 mg/kg of REM, 1.5 mg/kg 
of DDS, and 5 mg/kg of CEZ for the monthly dose 
and 1 mg/kg of CFZ for the daily dose. The disease 
transmission is interrupted immediately at the begin- 
ning of treatment. 
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In the case of contraindication to any of the 
drugs, ofloxacin and/ or minocycline can be used as 
alternative drugs. Exceptionally monthly doses of the 
ROM regimen are recommended (RFM 600 mg + oflo- 
xacin 400 mg + minocycline 100 mg), 6 doses in PB 
patients and 24 doses in MB patients."' Other fluor- 
quinolones (such as pefloxacin, spafloxacin, and 
moxifloxacin), clarithromycin, rifapentine, linezolid, 
and fusidic acid have been tested.™"' 

Adverse effects to these drugs are infrequent 
and are most usually related to DDS, including dys- 
peptic symptoms, hemolytic anemia (which is severe 
only in cases of glucose-6-phosphate dehydrogenase 
deficiency), dapsone syndrome (skin rash, lymphade- 
nomegaly, jaundice, hepatosplenomegaly and lymp- 
hocitosis with atypical lymphocytes), hepatitis, eryth- 
roderma, agranulocytosis, and methemoglobinemia. 
CFZ causes skin pigmentation and dryness and may 
lead to severe gastrointestinal manifestations when 
given at high doses (such as those used in reactions), 
due to the deposition of crystals on the intestinal wall. 
RFM may cause dyspeptic symptoms, skin rash, 
influenza-like syndrome, thrombocytopenia, hepati- 
tis, respiratory failure, and renal failure caused by 
interstitial nephritis or by acute tubular necrosis.™ In 
the case of a more severe reaction, MDT should be 
temporarily stopped and the physician should esta- 
blish the appropriate treatment for each case.™ 

Treatment is not contraindicated during preg- 
nancy and breastfeeding, although the occurrence of 
reactions is common in the third trimester of pregnan- 
cy and puerperium. In women of childbearing age, it 
should be taken into account that RFM may interact 
with oral contraceptives by reducing their action."' 

In addition to MDT, it is important to take mea- 
sures to evaluate and prevent physical disabilities and 
promote educational activities, including those related 
to self-care. After completing the regular treatment, 
patients are considered cured, regardless skin smear is 
negative or not. MB patients which did not show 
improvement should receive 12 additional doses."' 

MDT should be maintained in cases of reaction, 
adding prednisone (1-1.5 mg/kg/day) in patients 
with type 1 reaction and thalidomide (100-400 
mg/ day) in patients with type 2 reaction. Doses 
should be reduced as the patient improves. Since tha- 
lidomide is contraindicated for women at childbea- 
ring age, due to its teratogenic potential, prednisone 
(1-1.5 mg/kg/ day) is the most indicated drug for this 
population and others available options are pentoxi- 
fylline (400-1200 mg/day) and CFZ (200-300 
mg/ day). In cases of chronic or intermittent reaction, 
the presence of intestinal parasitosis, infections (inclu- 
ding dental ones), and emotional stress should be 
investigated, and CFZ should be given at 300 mg/ day 



for 30 days in combination with prednisone or thali- 
domide. Subsequently, this dose should be reduced by 
100 mg every 30 days,™"' 

Cases of neuritis are treated with prednisone (1- 
1.5 mg/kg/ day); additionally, it is important to keep 
the affected limb at rest and monitor neural function. 
Uncontrollable neuritis should be treated with intra- 
venous methylprednisolone pulse therapy (Ig/day) 
for 3 days. Surgical neural decompression is indicated 
in cases of nerve abscess, neuritis unresponsive to cli- 
nical treatment, intermittent neuritis, or neuritis of the 
tibial nerve (which is usually a silent disease that 
shows poor response to corticosteroid therapy)."' 

Corticosteroid therapy is also recommended in 
cases of ENL, erythema polymorphous-like reaction, 
sweet-like syndrome, ocular lesions, reactive hands 
and feet, glomerulonephritis, orchiepididymitis, arth- 
ritis, and vasculitis."' In situations in which corticoste- 
roid therapy is indicated, a previous treatment for ver- 
minosis should be started and side effects should be 
monitored during corticosteroid use.™ 

Neuropathic pain resulting from sequelae of 
neuritis may be treated with tricyclic antidepressants, 
such as amitriptyline 25-300 mg/ day and nortriptyli- 
ne 10-150 mg/day, or with anticonvulsivants, such as 
carbamazepine 200-3000 mg/ day and gabapentin 
900-3600 mg/day™ 

Disease relapse is rare after the patient is consi- 
dered cured and usually occurs after five years. 
Clinical criteria are based on operational classification 
once the possibility of reaction is ruled out. Suspected 
cases include PB patients presenting with pain along 
nerve paths, new areas with altered sensitivity, new 
lesions and/ or exacerbated previous lesions that have 
not responded to corticosteroid therapy for at least 90 
days; or cases of delayed reaction. Similarly, are suspi- 
cious MB cases with skin new lesions and/ or exacer- 
bated previous lesions, new neurological changes 
unresponsive to treatment with thalidomide and/ or 
corticosteroids given at the recommended posology, 
as well as positive skin smear microscopy, or delayed 
reactions, or presenting with an increase in BI by 2+ 
compared to that of the day of discharge. In these 
cases, the occurrence of drug resistance should be 
investigated."' 

RESISTANCE TO MDT 

Monotherapy, such as the isolated use of DDS, 
and irregular treatment are the main causes of emer- 
gence of resistant bacilli. Since M. leprae cannot be cul- 
tured, the sensitivity of this bacterium to drugs can 
only be tested on the foot pad of mice, which is a slow 
method. Currently, PCR based on sequence analysis is 
the technique of choice to understand the molecular 
events responsible for M. leprae resistance to MDT 
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drugs and is conducted in referral centers. Resistance 
to RFM is associated with mutations in the rpoB gene, 
which codifies the (3 subunit of RNA 
polymerase. Resistance to ofloxacin is associated with 
mutation in the gyrA and gyrB genes, which codify 
the A subunit of DNA gyrase of several mycobacteria, 
including M. leprae. Resistance to DDS has been asso- 
ciated with three mutations in the folPl gene of M. 
leprae at positions 157, 158 and 164, changing the posi- 
tions of amino acids 53 and 55. It is important to rule 
out the possibility of reinfection, since people who are 
susceptible to the bacillus, even after being cured, 
remain at the place where they have been previously 

infected and have come in contact with possible sour- 
no ^ 

ces of transmission. 

In 1998, the Technical Consul- 
tative Committee of WHO recommended the follo- 
wing regimen for adults with suspected resistance to 
RFM: daily doses of CFZ 50 mg, ofloxacin 400 mg, and 
minocycline 100 mg during 6 months, followed by 
daily doses of CFZ 50 mg, minocycline 100 mg or oflo- 
xacin 400 mg for an additional period of at least 18 
months.'" In 2009, the WHO Report of the Global 
Programme Managers' Meeting on Leprosy Control 
Strategy suggested the following doses: 400 mg of 
moxifloxacin, 50 mg of CFZ, 500 mg of clarithromycin, 
and 100 mg of minocycline daily for six months with 
a maintenance phase including moxifloxacin 400 mg, 
clarithromycin 1000 mg, and minocycline 200 mg once 
a month for an additional period of 18 months."^ 

PREVENTION 

BCG vaccine 

Currently, the main strategy for the prophylaxis 
of leprosy is early diagnosis and treatment, because 
there is no specific vaccine against M. leprae. However, 
BCG vaccine is recommended and widely 
used in endemic countries, with consistent evidence 
of its protection against leprosy.""" However, the 
magnitude of such protection is variable and may be 
higher among high-risk populations, such as family 
contacts, and in observational studies (60%) compared 
to experimental studies (41%)."* A BCG vaccine con- 
taining M. leprae killed by heat seems to be more effec- 
tive, but this presentation has not been available for 
commercial use yet."' "' 

Apparently, BCG is better in preventing MB 
forms than PB forms, although this point of view is 
not unanimous, ""■"''.ns .^Yj^J.^ jj^g displacement of 
leprosy cases from the MB pole to the PB pole, due 
to the increase in cellular immune response, which 
may even stimulate positive results in the Mitsuda 
test."' 

However, who should be vaccinated is still a 
matter of debate, as well as when and how often vac- 



cinations should be performed. It seems that protec- 
tion is higher in individuals vaccinated at younger 
ages (below 15 years) and that the exposure to other 
mycobacteria may interfere with vaccine efficacy. 
Nevertheless, there seem to be no difference between 
individuals who were vaccinated once and those who 
were vaccinated twice or more. On the other hand, 
revaccination seems to provide additional protection 
to adults (not to children), in whom the efficacy of the 
first vaccine decreases with time. Although the protec- 
tion obtained with BCG decreases over time, it may 
last for 30 years or more."* 

In Brazil, one BCG dose is recommended for all 
within-household contacts with no or only one BCG 
scar, and no vaccine dose is recommended for those 
with two scars and individuals below 1 year who 
have already been vaccinated."' 

Several studies demonstrate an increased risk 
for the onset of clinical manifestations of leprosy 
during the first year after taking the BCG vaccine. 
This fact may be explained by the possible manifesta- 
tion of symptoms among asymptomatic infected indi- 
viduals who would develop the disease later if they 
had not taken the vaccine. However, it is possible that 
BCG leads to the manifestation of symptoms among 
individuals who would not develop the disease if they 
had not taken the vaccine."* 

The benefits of the combination between 
BCG and MDT in MB patients is controversial, espe- 
cially in those with high BI. Some reports warns about 
the risk of the onset of reactions, especially type 1 
reactions; other reports, in turn, show that, rather than 
causing reactions, immunotherapy may reduce the 
time of reactions and of treatment to achieve bacillary 
clearance."""' 

Maintaining BCG coverage in countries with 
high load of leprosy is a good strategy, because it 
seems to provide long-lasting protection. However, it 
should be noted that BCG may be an exacerbating fac- 
tor when given to individuals infected with HIV, espe- 
cially children."* 

Genomic information about M. leprae, together 
with the identification of a large number of antigens, 
gene cloning, and tools for recombinant protein 
expression, opens the way for the development of 
new vaccines. However, in view of the success of 
MDT in eliminating leprosy, vaccines are not currently 
a practical alternative to prevent this condition. 

Chemoprophylaxis 

The use of chemoprophylaxis in contacts, espe- 
cially in PGL-1 seropositive and Mitsuda negative 
individuals, seems to help in the prevention of new 
cases, but is a questionable measure that requires 
short and accessible therapeutic regimens. A meta- 
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analysis found that RFM (single dose of 300 to 600 
mg), DDS (50 or 100 mg once or twice a week for 2 
years), or acedapsone (an intramuscular injection of 
225 mg every 10 weeks for 7 months) are effective in 
reducing the incidence of leprosy in contacts of new 
disease cases/^ 



Recently, an additional immunoprophylactic 
effect was observed when BCG vaccine is combined 
with RFM in the prophylactic treatment of close con- 
tacts. While protection with RFM alone was estimated 
at around 58%, its protective effect raised to 80% when 
combined with BCG/^Q 
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